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Topics discussed i1nclude measuring A, tests of QCD
using hard scattering processes, and measuring
parton distributions. In each case, any
opportunities and advantages afforded by the unique
features of the SSC are emphasized.

The working group on structure functions was
charged with 1investigating two specific questions:
(1) How well are the varicus parton distributions
known 1n the kinematic tegion relevant to calcu-
lations for the 5S8C? (ii) What new information can
be learned about parton distributions at the S5S5C?
Especially for this working group, the advantages of
having a fixed-target facility at the S5C for the
measurement of the parton distributions with multi-
TeV leptons, were to be examined.

These two questions immediately suggest a whole
host of secondary topics, many of which overlap with
those of other working groups. By way of background
tnformation, it should be recalled that wvirtually
all of he tests of QCD to date have been based on
the use of various hard scattering processes. The
fact that QCD possesses the feature of asymptotic
freedom allows cne to employ perturbation theory for
the calculation of such processes. However, for
reactions with hadrons occurring explicitly in the
initial state, it Is necessary to augment the formal
theoretical calculations with a prescription which
gives the momenta of the Incoming quanta. The
parton model and its associated parton distribution
functions provide such a framework. For the case of
nucleons, the parton distribution functicns {pdf's)

for quarks have been measured in deep 1inelastic
leptonr nucleon scattering, (although there 1s not
yet complete agreement ameng experiments, partic-

ularly in the low-x regicns.) Some information on
the gluon distribution in nucleons has also been
obtained. For unstable particles such as pilons,
useful information has been obtained, for example,
from high mass dilepton measurements.

Typically,
kinematic range
(GeV/c)2. This

pdf measurements have covered the

0.05 < x < 0.7 and Q2 < 200

matches well with the range of
parton momentum fractions and momentum transfers
which are required for various hard scattering
calculations such as high—p scattering, heavy
resounance production, etc. With the advent of the
58C, however, one 1s dealing with a whole new kine-
matic region. For example, the Q2 range will essily
extend up to 108 (GeV/c)? or more and the required x

32306

values may range down to 10”* or less. Especially
at such swmall x values, the relevance of the parton
plcture must be questioned. Furthermere, there is

the question of the scaling wviclations which are
calculated using, for example, the Altarelli-Parisi
evolution equations. These questions were studied
by a number of pecple in varicus working groups and
detailed reports on their findings are contained in
these proceedings. Two points are worth
emphagizing, however. The question of the relevance
of the parton mocdel approach at low x and high Q2
was the main point of focus for the small x working
group., Thelr cenclusion, based in large part on the
work of Ref. 1, is that one can indeed safely use
the parton model approach even down to the region
X = 1074 1073, i.e., the reglon relevent for
calculating W production processes. With this
conclusion in hand, one then has to face the problem
of obtaining accurate solutions of the evolution
equations for small x and high Q2 values., Wu-Ki
Tung has studied these problems in detail and his
report is contained in these proceedings.

The remainder of this report is organized as
follows. In Section 2 some recent evidence for a
universal pattern of scaling viclatlons for parton
distributions In  hard scattering processes 1is
briefly reviewed. 1In so doing, further evidence for
the validiecy of the hard scattering approach will be
discussed. In Section 3 the problem of measuring A
is discussed while Section &4 1is concerned with
various sources of uncertainty in parton distri-
butions. Finally, Section 5 contains a summary of
our conclusiaons.

2. Scaling Violations in Hard Scattering Processes
Until recently the logarithmically varying Q2
dependent scaling violations predicted by QCD had

been observed only in deep inelastic lepton nuclecn
scattering in a Q2 range extending up to about 200

(GeV/c)2, Recently, however, new data on high-pr
Jet productien frop the CERN SppS collider have
become available.Z2 3 Both the UA-l and UA-2
collaborations have reported analyses of di-jet
production in which they obtained measurements of
effective structure functions which are given,

approximately, by linear combinations of the ususal
quark and gluon distributions. Basically, 1if one
measures both of the opposite side high-pp Jets,
then the kinematics of the underlying parton-parton
scattering can be recomstructed on an event=by=-event

basis. One can then measure the angular distri-
bution cof the parton—parton scattering in the
parton—-partan center—cf-momentum frame. In

principie, the cross section is given by a sum over
all possible parton-parton subprocesses

do/dx,dx dcos® = §bGa/A(xa'Q2) Gb/B(Xb-QZ)

(1}

do/deos8{ab+ij).
However, it was noticed by the authors of Ref. 4
that the angular distributions of the dominant

subprocesses were very similar in shape owing to the



presence of a t—-channel pole in each. Thus, to a
first approximation, the angular distribution can be

factored out of the sum. Next, they observed that
the remaining summation can be replaced by the
product o¢f two effective distribution functions

defined as
F(x,02) = x {6(x,Q2) + 4/9[0(x,02) + Wx,0D)] } . (2)

The factor of 4/9 is from the ratio of cclor factors
and reproduces the correct result In the limit of
cosbB+tl, which is the region which dominates the
cross section.

In the analysis of Ref.
factor" was included in Eq. (1) in order to
approximately take 1nto account possible higher
order effects. A value of K=2 was used by the Ua-1
group for the dtermination of F(x,02) whersas K=1
was used in the UA-2 analysis.3 There is some
theoretical motivation for such a factor. Antoniou
et al.® have calculated the 3 corrections to the
two-body subprocesses in the soft gluon
aproximation. Thelr results give a value of K = 1.6
for the dominant gg and gg subprocesses. It has
been shown that in some instances these terms yield
a reasonably good approximation to the full
corrections. However, there is no way to know this
in advance and a detailed higher order caiculation
is required in order to check each case as 1is
discussed, for example, in Ref. 6.

2 a multiplicative ™K

In Fig. 1, the experimental results from both
collaborations for F(x,02) are shown along with some
predictions based wupon the distributions from
Ref. 7. The UA-] results have been multiplied by
212 in order to remove the effect of the K factor
used in their analysis. The dashed curve corre-
sponds to the imput distributions’ of Set 1 (A = 200
MeV/c) evaluated at Q2=4 (GeV/c)? whereas the lower
solid curve was obtained using Q2=2000 (GeV/c)2.
The result of including an overall K factor of 1.6
is shown by the upper solid curve. The effect of
the calculated scaling violations is quite dramatic
and the Q2 dependence 1s clearly required in order
to describe the shape of the data. This comparison

confirms, at the leading logarithm level, the
relevence of the concept of wuniversal parton
distributions with characteristice Q2 dependences
which may be calculated independently of the hard
scattering process. In addition, the average

angular distribution obtained for the parton—parton
subprocesses agrees well with the expectations based
on QCD as 1is shown in Fig. 2. Finally, 1t is well
kitown that the leading logarittm QCD predictions are
in good agreement with the latest single inclusive
jet production data as can be seen in Ref. 8. The
overall plcture based on these new results serves to
enhance the confidence that one can have in the QCD-
parten model approach to calculating cross sections
for hard scattering processes.

It 1s encouraging to note that the pattern of

scaling violations appears to be correct after
extrapolating over approximately one order of
magnitude 1in Q2. Calculations of hard scattering
processes at the S55C will call for an extrapolation
over an additional three orders of magnitude.
However, due to the logarithmic nature of the
scaling violations, the additional changes in
F(x,0?) are less dramatic than at the lower Q2
values. For comparison, the dotted curve in Fig. 1

shows the prediction for F(x,Q%) at @2 1(TeV/c) 2.
In this range of G2 the most dramatic effects are at
x values too small to be seen c¢learly on the scale

used In the figure. It will, furthermore, be a
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severe challenge for experimenters to accurately
measure the ultra low x structure function behavior.

The method of analysis discussed 1in this
section is capable of providing useful information
on the parton distributions (primarily that of the
gluons) at swmall values of x. The primary limi—
tation at this time 1s the lack of detailed higher
order calculations for the relevant subprocesses.
Nevertheless, one can anticipate obtaining quali-
tative Information concerning the evoluticn of the
parton distributions using this technigque.

3. Measurements of A

The most precise information avallable to date

for the parton distributicens in nucleons has come

from the
scattering.

study of deep inelastic lepton—nucleon
The available data show the pattern of

scaling violation expected on the basis of QCD. In
addition to providing measurements of the pdf's
themselves, these data have also wmade possible
estimates of the QCD scale parameter A, both in
leading and next-to-leading order. The results
indicate that A = 200-30C MeV, but with a rather
large uncertainty which, in most instances, is

dominated by systematic errors. The determination
of A in deep iInelastic scattering is discussed in
detail® while the determination of « in general has
been recently reviewed. !0

At the energies presently available, measure-
ments cof F_ alone, as obtained from electron or muon
nucleon deep Inelastic scattering, are insufficlent
for a precise determinaticn of A. This 1s due, in
part, to the correlation that exists between the
gluon distribution and the fitted value of A. A
harder gluon distribution results in a larger wvalue
of A and vice versa. Within a rather broad range of

A wvalues the gquality of the various fits is un-
changed. There are several ways out of this
dilemma, the most straightforward of which 1is to

have high statistics data on the nonsinglet struc-
ture function xF_, as measured in neutrinc nucleon
scattering. Predent day analyses are still statis-
tics limdted. Although this situation 1s expected
to improve as additional data are accumulated, the
currently approved neutrino programs 1in both Europe
and the U.S5. will probably not yleld sufficient
statistics to allow an accurate determination of A
with xF_.
3

Another way of reducing the errors on A is to
utilize a larger range in Q2. A fixed target
program at the SSC with lepton beams would greatly
extend the range of (2 over that obtainable at other
fixed-target facilities. It would, in fact, be
comparable to that expected at HERA. The S$S5C fixed-
target facility would have certain advantages over
an ep facility such as HERA among which are: 1)
the number of available beam types would be larger
therefore enabling a greater variety of measurements
to be made; 2) a fixed-target facility could
immediately employ 1soscalar targets which facili-
tates the extracticn of the structure functions;
HERA would have to be able tc accelerate deuterons
to use this isoscalar advantage; and 3) the loss of
particles down the beam pipe will result in large
smearing corrections and large systematic errors for
the HERA detectors. A detailed study of the
relative merits of such a fixed-target option has
been performed and included 1in the proceedings of
the Texas Fixed Target Workshop. Current analyses
are limited to Q2&00 (GeV/c)2 whereas with the
fixed-target option the upper limit of the useful Q2
range would be extended to approximately 15,000



(GeV/c)2, Being able to reach higher values of Q2
also allows the experimenters to increase the lower
Q2 bound and thus to further reduce the impertance
of higher twist effects. In Ref. 7 two sets of
parton distribution parametrizations were given,
corresponding to A=200 and 400 MeV/c, and referred
to as Set 1 and Set 2, respectively. Figure 3 shows
predictions for F_ at several values of x for these
two sets of distributions. At cthe highesc Q2 value
shown there 1is approximately a 10% difference
between the two curves. This shows the level of
combined systematic and statlstical errors that must
be reached 1in «crder to reduce the level of
uncertainty in A. A detailed discussion of event
rates and the systematic errors expected from a
typical fixed~target detector 1Is described in a
separate reportl!® from the fixed-target working
group. In brief, it was found that event rates,
which will depend on the type of extraction scheme
employed and the type of beam used, will range from
15000 to over 220000 neutrinc events per week for a
0 ton neutrino detector and from 1.5 to 15 times as
many muon events (in a 10m D target) as HERA will
produce per week with L = 5xIg3l, As far as
systematic errors are concerned, taking a typical
mion experiment with calorimetry, over the entire
Xpi=y plane the shift in x and Q2 should be less
than 5x1073 and the resolution in x and Q2 will be
of the order of 2%. This 1is supericr to the capa-
bilities of the HERA detectors presently envisioned.

Determinations of A are not limlted to deep
inelastic scattering processes, of course. However,
in order to determine A in a wmeaningful way using a
aumber of different processes, the next-to-—leading
order calculations for them must be done. To date,
complete calculations have beeen done for dilepton
production, 12 high-py direct photon production, ® and
gauge boson productionl!? in addition to deep in-
elastic scattering.l? Thus, even without the fixed—
target option there will still be possible methods
for determining A.

In deep inelastic scattering 1t 1s the
derivative of the structure function with respect to
the logarithm of Q2 which is proportional to o, and
which, therefore, provides an estimate of A The
normalization of the structure functions at a
particular wvalue of x is primarily determined by the
fitted ioput parton distributions. The situvaticn is
somewhat different for high-pr processes involving
one or more hadronic jets. There the cross section
is proportional to cne or more powers of and,
therefore, the normalization of the cross section
itgelf provides a constraint on A«  In addition, the

normalization elsc depends on the relevant parton
distributions which, iIin turm, provides another
inditect constraint on A via the evelution
equations. A comprehensive analysis would,
therefore, consist of simultanecusly fitting data
from deep inelastic scattering and ocher hard
scattering processes, The free parameters would

include A and those necessary to describe the input
parton distributions.

Another point to remember 1s one related to the

A-gluon correlation mentioned previously for deep
inelastic scattering. As long as one uses a con-=
sistent set of parton distributions with the

appropriate A value for making predictions for hard
scattering processes the  apparent sensitivity to
cholces of the gluon distribution will be reduced.

This is shown explicitly’ where nearly identical
predictions for direct photon production were
obtained using the two different sets of parton
distributions. Similar results were also found for

high-pT hadren productions This further emphasizes
the need for Ffitting a varlety of different
observables each of which is sensitive to different
combinations of parton distributions and which are
subject to different systematic errors.

4. Uncertainties in Parton Distributions

When making predictions for hard scattering
processes 1n new kinematic regioms it is important
to have at least a qualitative estimate regarding
the uncertainties inrn the parton distribtuion
functions used. Assuming that the problems of a
strictly numerical nature are under control, there
can still be differences resulting from variations
in A, the initial parton distributions, the
treatment of heavy flavors, etc. Several of these
points have been discussed in detail.B

First, consider the evolution of the partoen
distributions. It is important to remember that the
distributions at large x and small Q2 feed down to
the distributions at small x and large Q2 as a
result of the structure of the evolution equations.
For example, radiation of gluons from the valence

quarks causes the gluon distribution to change.
Similarly, the gluons feed the gquark sea via gqq pair
creation. ©Of all of the distributions, those of the

valence quarks are the best measured. Therefore,
differences due to variations in the 1initial gluon
and sea distributions tend to be reduced at high Q2
since a large part of the evolution comes from the
better known valence distributions. Another point
to remember is that at very small x values none of
the distributions are well measured. Thus, one
might expect that this would lead to additional
uncertainties fn the small x high Q2 partou
distribution extrapolaticns. However, the same feed
down effect wmentioned above helps here, as well.
The dominant scurces of low x high Q2 partons are at
larger x and lower Q2 values. The basic conclusion,
then, 1is that the structure of the evolution
equations tends to reduce the effects of the
uncertainties in the initial distributions when one
goes to very high values of Q2.

Another source of uncertainty in the evolved
parton distributiens is related to the treatment of
heavy flavors. The QZ range available at the §5C

necessitates the inclusion of b and t quark
distributions in the caleculation of many hard
scattering processes. The wusuwual technique for

estimating heavy quark distributions is to assume
that they are zero below scme threshold value of
Q2. As the threshold is crossed, the number of
flavors 1is increased by one and the corresponding
heavy quark distribution 1is generated by the
evolution equations. Usually this procedure is
carried out using the massless splitting functions
so that the estimates are reliable only when one is
far above the respective threshold. In principle,
one can (and should) include the effects of the
quark masses i1in the evolution equations in a
consisteat manner. Some efforts in this direction
are currently underway. '

5. Summary and Conclusfons
The following 18 a list of the major points
relevant to parton distributions which were
discussed during the  summer study. Where
appropriate, references to detailed reports
contained in these proceedings are given.
a) It appears 1likely that the parton model

prescription will still be applicable in the small x



and high Q2 teglons relevant for hard scattering
calculations at the 55C. This topic 1s discussed in
detail in the report of the small x working group.

b) The numerical problems encountered for =x<l0~3
and Q23105 (GeV/c)2 can be contralled ia a
relatively straightforward fashion. This toplic is
discussed in detail by Wu-Ki Tung in his report.

c) Di-jet analyses following" may be wused to
provide qualitative information on the evolution of
parton distributions in the high Q2 region available
at the 55C. The primary restriction on the use of
this technique is the lack of the relevant next—to—

leading order calculations. However, there are
other hard scattering precesses for which the
calculations have been done and which should be

observable at the SSC.
photon production.

A prime example is direct

d) For measurements of A one can get some
information from the wvarious Thard scattering
processes alluded to above. However, the A-gluon
correlation implies that & joint analysis of a
variety of processes will be required to
significantly reduce the error on A. In this
regard, the fixed-target option 1s crucial for

cbtalning important information from deep inelastic
scattering.

e} Curreot parton distributions differ mast in the
choice of the gluon distribution and the corres—
ponding fitted value of A, reflecting our current
lack of detailed information on the gluon distri-
bution. This situation will change for the better
with improved measurements of the non-singlet
structure function xF . However, only moderate
improvement can be expected in the foreseeable
future from the currently approved neutrino
program. A high statistics experiment in the
expanded x-Q2 range available at the SS5C fixed—
target facility would be invaluable in resolving

this situation. For now, the best that one can do

is to give representative sets of distributions
which reflect these uncertainties.

f) There is room for lmprovement in the calculation
of the heavy quark distributions, mest notably by
the inclusion of mass effects.,
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Fig. 1. Results for the effective structure Fig. 2. The effective parten—parton angular
function F(x,Q2) as defined in Eq.(2). The data distribution in the parton-parten ceonter—of-
are from Ref. 2 (open circles) and Ref. 3 (solid momentum frame. The data are from Ref. 2 (apen
circles). The curves are predictions based on circles) and Ref. 3 {solid circles). The curve is
the Set 1 distributions.7 The dashed curwve has the prediction of QCD based on two—body scattering
Q2=4 (GeV/c)2 while the lower solid curve has Q2 subprocesses.

= 2000 {GeV/c}2, The upper solid curve has been
scaled upwards by a 'K factor"” of 1l.6. The
dotted curve Is the prediction for Q% = 1
(TaV/c)2.
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Fig. 3. Predictions for F. at several values of x
based on the two sets of disfributions.’ The vertical
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